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METHOD AND SYSTEM FOR UPDATING

OBSOLETE RECORDS FOR REFERENCE

POSITIONS IN A REFERENCE POSITION
DATABASE

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

This patent application makes reference to, claims priority
to and claims the benefit from U.S. Provisional Patent Appli-
cation Ser. No. 61/304,276 filed on Feb. 12, 2010.

This application makes reference to:

U.S. application Ser. No. 12/394,416 filed on Feb. 27, 2009.

Each of the above stated applications 1s hereby incorpo-
rated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

Certain embodiments of the invention relate to communi-
cation systems. More specifically, certain embodiments of the
invention relate to a method and system for updating obsolete
records for reference positions in a reference position data-
base.

BACKGROUND OF THE INVENTION

Location based services (LBS) are emerging as a new type
of value-added service provided by mobile communication
network. LBS are mobile services 1n which the user location
information 1s used 1n order to enable various LBS applica-
tions such as, for example, enhanced 911 (E-911) services. A
position of a mobile device 1s determined 1n different ways
such as, for example, using network-based technology, using
terminal-based technology, and/or hybrid technology (a com-
bination of the former technologies). Many positioning tech-
nologies such as, for example, Cell of Origin (COQO), Time of
Arrival (TOA), Observed Time Difference of Arrival (OT-
DOA), Enhanced Observed Time Difference (E-OTD) as
well as the satellite-based systems such as the Global Navi-
gation Satellite Systems (GNSS), and/or Assisted-GNSS

(A-GNSS), are 1n place to estimate the location of the mobile
device and convert it into a meamngiul X, Y coordinate for
LBS applications. A GNSS used for the LBS applications
may be, for example, the Global Positioning System (GPS),
the Global Orbiting Navigation Satellite System (GLO-
NASS), and the satellite navigation system GALILEO.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill in
the art, through comparison of such systems with some
aspects ol the present invention as set forth 1n the remainder of
the present application with reference to the drawings.

BRIEF SUMMARY OF THE INVENTION

A method and/or system for updating obsolete records for
reference positions in a reference position database, substan-
tially as shown 1n and/or described in connection with at least
one of the figures, as set forth more completely 1n the claims.

These and other advantages, aspects and novel features of
the present invention, as well as details of an illustrated
embodiment thereof, will be more fully understood from the
tollowing description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 1s a diagram illustrating an exemplary communica-
tion system that 1s operable to update obsolete records for
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2

reference positions 1n a reference position database, 1n accor-
dance with an embodiment of the invention.

FIG. 2 1s a block diagram 1illustrating an exemplary mobile
device that 1s operable to scan position samples to be used for
updating obsolete records for reference positions in a refer-
ence position database, 1n accordance with an embodiment of
the mvention.

FIG. 3 1s a block diagram illustrating an exemplary loca-
tion server that 1s operable to dynamically update obsolete
records for reference positions 1n a reference position data-
base, 1n accordance with an embodiment of the invention.

FIG. 4 1s a flow chart 1llustrating an exemplary procedure
for dynamically updating obsolete records for reference posi-
tions 1n a reference position database, 1n accordance with an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Certain embodiments of the invention may be found in a
method and system for updating obsolete records for refer-
ence positions in a reference position database. In various
embodiments of the invention, a mobile device 1s operable to
communicate position samples of one or more reference posi-
tion with respect to one or more other communication device
such as access points and/or base stations to a location server.
The location server 1s operable to determine whether to utilize
the one or more reference position in a reference position
database, which 1s communicatively coupled to the location
server, based on the communicated samples for mobile locat-
ing according to the position samples received. The mobile
device scans or captures the position samples of the one or
more reference positions for the mobile device with respect to
the one or more other communication device such as access
points and/or base stations through encountered RF experi-
ences. The scanned position samples may 1ndicate position
information of the one or more other communication device.
The scanned position samples may also indicate whether the
position information of the one or more other communication
device 1s reliable for use. The mobile device 1s operable to
accumulate the scanned position samples of the one or more
reference positions and transmit the accumulated scanned
position samples ol the one or more reference positions to the
location server periodically or aperiodically.

The location server 1s operable to update records for the
one or more reference positions with respect to the one or
more other communication device 1n the reference position
database based on the accumulated position samples of the
one or more relerence positions. Based on the updated
records, the location server may determine whether to
remove, use, and/or keep the one or more other communica-
tion device 1n the reference position database. The location
server 1s also operable to determine whether the one or more
other communication device 1n the reference position data-
base are fix-positioned or moving based on geographic infor-
mation indicated in the receirved position samples for the
updated records. The updated records may be utilized to
determine a fast position fix for associated mobile devices.

FIG. 1 1s a diagram illustrating an exemplary communica-
tion system that 1s operable to updating obsolete records for
reference positions 1n a reference position database, 1n accor-
dance with an embodiment of the invention. Referring to FIG.
1, there 1s shown a communication system 100. The commu-
nication system 100 comprises a plurality of mobile devices
110, of which mobile devices 110a-110e are 1illustrated, a
location server 120 comprising a reference position database
120qa, a satellite reference network (SRN) 130, a GNSS sat-

ellite infrastructure 140, a Bluetooth network 150, a wireless
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local access network (WLAN) 160, a cellular network 170, a
Worldwide Interoperability for Microwave Access (W1IMAX)
network 180, and a broadcast network 190. The GNSS satel-
lite infrastructure 140 comprises a plurality of GNSS satel-
lites, of which GNSS satellites 140a-140¢ are 1llustrated. The
WLAN 160 comprises a plurality of WLAN access points
such as WLAN access points (APs) 160a and 16056. The
cellular network 170 and the WiMAX network 180 comprise
a plurality of base stations (BSs), of which base stations 170a
-1705 and base stations 180aq-18056 are illustrated, respec-
tively. The broadcast network 190 comprises a plurality of
broadcast towers such as a broadcast tower 190a.

A mobile device such as the mobile device 110a may
comprise suitable logic, circuitry, interfaces and/or code that
are operable to communicate radio frequency signals with
one or more communication networks, for example, the Blue-
tooth network 150. Depending on device capabilities, the
mobile device 110a may be operable to scan or capture posi-
tion samples of reference positions for the mobile device with
respect to various encountered reference position elements,
namely, other communication devices such as, for example,
the WLAN APs 160a-16056, the broadcast tower 1904, the
BSs 170a-17056, and/or the BSs 1804-18054. The scanned
position samples may comprise position mformation of ref-
erence position elements that the mobile device 110a encoun-
ters. In one embodiment of the invention, the scanned posi-
tion samples may comprise information indicating whether
position information associated with the encountered refer-
ence position elements 1s reliable or should not be used, for
example, to refine or update records for corresponding refer-
ence positions 1n the reference position database 120a, which
1s 1ntegrated or coupled to the location server 120. In
instances where the scanned position samples may indicate
that position information associated with the encountered
reference position elements may be reliable for use, the
mobile device 110a may be operable to accumulate the
scanned position samples for knowledge of position informa-
tion of the encountered reference position elements. A confi-
dence parameter and/or other metric may be determined and
utilized to indicate, track and/or determine whether reference
position elements may be reliable for use.

The mobile device 110a may be operable to communicate
and/or report the accumulated position samples to the loca-
tion server 120 so as to refine or update records for corre-
sponding reference positions of the mobile device 110a with
respect to one or more reference position elements, 1.¢., other
communication devices, in the reference position database
120a. The accumulated position samples may be reported to
the location server 120 periodically or aperiodically. In
instances where the mobile device 110a may be a GNSS
capable device, the mobile device 110a may be operable to
receive GNSS radio frequency (RF) signals directly from
visible GNSS satellites such as the GNSS satellites 140a-
140c. Therecetved GNSS RF signals may be used to calculate
a position fix of the mobile device 110qa. In this regard, the
mobile device 110a may be operable to utilize corresponding
reference positions with updated records in the reference
position database 120a to achieve an accurate and fast posi-
tion fix.

The location server 120 may comprise suitable logic, cir-
cuitry, interfaces and/or code that may be operable to retrieve
location 1nformation for associated users such as mobile
devices. The location server 120 may be operable to receive a
plurality of position samples from associated mobile devices
such as the mobile device 110a. Exemplary position samples
reported from a mobile device such as the mobile device 110a
may comprise position information of reference position ele-
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ments, namely, other communication devices such as the AP
160a-16056 and the BS 170a-1705 that the mobile device 110a
encounters or detects. The location server 120 may be oper-
able to communicate information with mobile devices 1n
exemplary formats compatible with telecommunication net-
works such as GSM/UMTS, WiMAX, Wi-F1 and/or Blue-
tooth. For example, the location server 120 may be GSM/
UMTS standard compliant by supporting messaging in RRLP
format, PCAP interface and/or OMA SUPLv1.0. Communi-
cation between the location server 120 and the mobile devices
may occur via a user-plane (data trailic) and/or a control-
plane (signaling).

In an exemplary embodiment of the invention, the location
server 120 may be operable to determine position status of
reference position elements according to corresponding posi-
tion samples recerved or reported from mobile devices. In this
regard, the location server 120 may be operable to determine
whether positions of the reference position elements such as
the AP 160q within the reference position database 120a may
be changed, namely, removed or moved to different locations,
according to characteristics such as, for example, availability
and number, of the corresponding recerved position samples.

In another exemplary embodiment of the invention, the
location server 120 may be operable to adaptively update or
refine records for reference positions in the reference position
database 120a according to the determined position status for
the reference position elements. For example, for a specific
reference position element such as the AP 160qa 1n the refer-
ence position database 120a, 1n instances where position
samples for the AP 160a may not be received or reported
within a certain time period, the location server 120 may
consider that records 1n the reference position database 120
for positions of the AP 160a are obsolete. The location server
120 may be operable to select other reference position ele-
ments with up-to-date records, instead of the AP 160qa, as
reference positions for mobile locating. The AP 160a may be
removed Irom the reference position database 120q. In
instances where position samples for the AP 160aq may indi-
cate that position information associated with the AP 160 1s
not reliable for use, the location server 120 may be operable
to select other reference position elements, instead of the AP
160a, as reference positions for mobile locating. In this situ-
ation, the AP 160a may be removed from the reference posi-
tion database 120q. In instances where there 1s not enough
position samples are received or reported for the AP 160a
within a certain time period, the location server 120 may
consider that records for the position information of the AP
160qa 1n the reference position database 120 are obsolete.

The location server 120 may not use the AP 160q as a
reference position for mobile locating. In 1nstances where
enough position samples for the AP 160a are received or
reported within a certain time period and consistent geo-
graphic information for the position of the AP 160a may be
indicated 1n the corresponding recetved position samples, the
location server 120 may determine that the AP 160q 1s 1n a
fixed position. The location server 120 may be operable to use
the AP 160a as a reference position for mobile locating. In
instances where enough position samples for the AP 160a are
received or reported within a certain time period, but different
geographic areas for the position of the AP 160a may be
indicated 1n the received position samples, the location server
120 may determine that the AP 160a 1s moving. The location
server 120 may update the records for the position of the AP
160qa 1n the reference position database 120a according to the
received position samples.

A GNSS satellite such as the GNSS satellite 140a may

comprise suitable logic, circuitry, interfaces and/or code that
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1s operable to broadcast satellite navigational information to
various GNSS rece1vers on earth. The GNSS receivers, which
comprise GPS, GALILEO and/or GLONASS recervers, may
be integrated internally to or externally coupled to GNSS
capable communication devices such as the mobile devices
110a through 110d4. The broadcast satellite navigational
information such as ephemeris may be utilized to calculate,
for example, a position, velocity, and/or clock information of
the GNSS recewvers. In this regard, positions of reference
position elements with up-to-date records in the reference
position database 120aq may be utilized as reference positions
to accelerate a position {ix for the GNSS recervers.

The SRN 130 may comprise suitable logic, circuitry and/or
code that may be enabled to collect and distribute data for
GNSS satellites on a continuous basis. The SRN 130 may
comprise a plurality of GNSS reference tracking stations
located around the world to provide assistant-GNSS coverage
all the time 1n both home network and visited network allow-
ing users of GNSS enabled devices such as the mobile devices
110a through 1104 to roam with associated LBS anywhere 1n
the world.

The GNSS satellites 140a through 140c¢ may comprise
suitable logic, circuitry and/or code that may be operable to
generate and broadcast satellite navigational information 1n
suitable radio-frequency (RF) signals to various GNSS
capable devices such as, the mobile devices 110a-1104.

The Bluetooth network 150 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to pro-
vide data services to Bluetooth enabled mobile devices such
as, for example, the mobile device 110a. The Bluetooth net-
work 150 may be operable to communicate various data ser-
vices such as alocation-based service in Bluetooth RF signals
via Bluetooth devices such as, for example, the mobile device
110a. In this regard, position information for corresponding
peer Bluetooth devices indicated 1n the communicated Blue-
tooth RF signals may be accumulated and reported as position
samples to the location server 120.

The wireless LAN 160 may comprise suitable logic,
devices, interfaces and/or code that may be operable to pro-
vide data services to various wireless LAN enabled commu-
nication devices such as the mobile device 1106 using wire-
less LAN technology. Exemplary wireless LAN technology
may comprise, for example, IEEE Std 802.11, 802.11a,
802.11b, 802.11d, 802.11e, 802.11n, 802.11v, and/or
802.11u. The wireless LAN 160 may be operable to commu-
nicate various data services such as a location-based service
(LBS) n WLAN RF signals via wireless LAN APs and
WLAN capable devices such as, for example, the mobile
device 110q. In this regard, position information for a corre-
sponding serving access point indicated in the communicated
WLAN RF signals may be accumulated and reported as posi-
tion samples to the location server 120.

The cellular network 170 may comprise suitable logic,
devices, mterfaces and/or code that may be operable to pro-
vide data services to various associated mobile devices such
as the mobile devices 110a-110¢ using cellular communica-
tion technologies. The cellular communication technologies
may comprise, for example, Global System for Mobile com-
munications (GSM), General Packet Radio Services (GPRS),
Universal Mobile Telecommunications System (UMTS),
Enhanced Data rates for GSM Evolution (EDGE), Enhanced
GPRS (EGPRS), and/or 3GPP Long Term Evolution (LTE).
The cellular network 170 may be operable to communicate
various data services such as a location-based service 1n cel-
lular RF signals via associated base stations such as the BS
170a with associated mobile devices such as, for example, the
mobile device 110aq. In this regard, position information for a
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corresponding serving base station, one or more neighbor
base stations and/or one or more active base stations indicated
in the communicated cellular RF signals may be accumulated
and reported as position samples to the location server 120.

The WiMAX network 180 may comprise suitable logic,
devices, interfaces and/or code that may be operable to pro-
vide data services to various associated mobile devices such
as the mobile devices 110a-110e by using WiMAX technol-
ogy. The WiMAX network 180 may be operable to commu-
nicate various data services such as a location-based service
in WiMAX RF signals via associated base stations such as the
BS 180a with associated mobile devices such as, for example,
the mobile device 110qa. In this regard, position information
for a corresponding serving WiMAX base station, and/or one
or more neighbor WiMAX base stations indicated in the
communicated WiMAX RF signals may be accumulated and
reported as position samples to the location server 120.

The broadcast network 190 may comprise suitable logic,
circuitry and/or code that may be operable to allocate a single
carrier frequency to broadcast programs for various associ-
ated mobile devices such as the mobile devices 110a-110e.
The broadcast network 190 may be operable to transmit the
broadcast programs in corresponding RF signals using vari-
ous broadcast technologies such as, for example, FM, DAB,
DVB-H, DVB-SH and/or DVB-T. In this regard, position
information for a serving broadcast tower such as the broad-
cast tower 190q indicated in the communicated broadcast RF
signals may be accumulated and reported to the location
server 120.

In an exemplary operation, a mobile device such as the
mobile device 110a may be operable to scan or capture posi-
tion samples for various encountered reference position ele-
ments. The scanned position samples may comprise position
information of the encountered reference position elements.
The encountered reference position elements comprise vari-
ous wireless nodes such as, for example, the WLAN APs
1604a-1605, the broadcast tower 190a, the BSs 170a-1705,
and/or the BSs 1804-18056. The scanned position samples for
the encountered reference position elements may be accumu-
lated and communicated to the location server 120.

The location server 120 may be operable to determine
position status of the encountered reference position elements
according to corresponding recerved position samples.
Records for reference positions of corresponding reference
position elements within the reference position database 120a
may be adaptively refined or updated according to the
received position samples. For example, records for a specific
reference position element such as the AP 160a 1n the refer-
ence position database 120a may be updated or refined
according to, for example, availability of position samples for
the AP 160a within a certain time period, number of recerved
position samples within the certain time period, and/or geo-
graphic information indicated 1n recerved position samples
for the position of the AP 160a. Reference position elements
in the reference position database 120a may be selected as
reference positions for mobile locating based on the deter-
mined position status. Reference position elements with up-
to-date records for corresponding position information in the
reference position database 120aq may be utilized as reference
positions to achieve a fast and accurate position {ix for, for
example, the mobile device 110aq, thereby, optimizing LBS
performance.

FIG. 2 1s a block diagram 1illustrating an exemplary mobile
device that 1s operable to scan position samples to be used for
updating obsolete records for reference positions in a refer-
ence position database, 1n accordance with an embodiment of
the invention. Referring to FIG. 2, there 1s shown a mobile
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device 200. The mobile device 200 may comprise a processor
201, aGNSSradio 202, a WL AN radio 204, a Bluetooth radio

206, a cellular radio 208, a WiMAX radio 210, a FM radio
212, a position sample database 214 and a memory 216.
The processor 201 may comprise suitable logic, circuitry,
interfaces and/or code that may be operable to manage and/or
control operations of associated component units such as, for

example, the GNSS radio 202, the WLAN radio 204, the
Bluetooth radio 206, the cellularradio 208, the WiMAX radio
210, the FM radio 212, the position sample database 214
and/or the memory 216, depending on corresponding usages.
For example, the processor 201 may be operable to activate or
deactivate one or more associated radios such as the GNSS
radio 204 and/or the cellular radio 208 as a needed basis to
save power. The processor 201 may be operable to scan posi-
tion samples for various encountered reference position ele-

ments, which may be, for example, the WLAN APs 160a-
1605, the broadcast tower 190a, the BSs 170a-1705, and/or
the BSs 180a-1805. The scanned position samples may com-
prise position information of the encountered reference posi-
tion elements. The scanned position samples may indicate
whether position information of the encountered reference
position elements 1s reliable or not for use. In 1nstances where
the scanned position samples may indicate that position infor-
mation associated with the encountered reference position
clements may be reliable for use, the processor 201 may be
operable to accumulate the scanned position samples for the
encountered reference position elements and store 1n the posi-
tion sample database 214.

The processor 201 may be operable to communicate or
report the stored position samples to the location server 120
so as to refine and/or update records for positions of the
corresponding reference position elements 1n the reference
position database 120a. The processor 201 may be operable
to communicate or report the stored position samples to the
location server 120 periodically or aperiodically. In instances
where the GNSS radio 1s activated, the processor 201 may be
operable to recerve GNSS radio frequency (RF) signals
directly from visible GNSS satellites such as the GINSS sat-
cllites 140a-140c. The processor 201 may be operable to
utilize the recetved GNSS RF signals to calculate a position
fix of the mobile device 110aq. In this regard, the processor 201
may be operable to utilize position information of one or more
reference position elements with up-to-date records in the
reference position database 120aq for an accurate and fast
position fix.

The GNSS radio 202 may comprise suitable logic circuitry,
interfaces and/or code that may be operable to detect and
track GNSS radio frequency signals that are recerved from

visible GNSS satellites such as the GNSS satellites 140a-
140c.

The WLAN radio 204 may comprise suitable logic cir-
cuitry, interfaces and/or code that may be operable to transmut
and receive WL AN radio frequency (RF) signals. The WLAN
radio frequency signals may be communicated 1n a format
compatible with various WLAN standards such as, for

example, IEEE Std 802.11, 802.11a, 802.11b, 802.11d,
802.11e, 802.11n, 802.11v, and/or 802.11u. The WLAN
radio 204 may be operable to receive continuous, aperiodic,
or periodic WLAN radio frequency signals from, for
example, the WLAN AP 160a 1n the WLAN 160. In this
regard, position miformation of a serving WLAN AP 160a
such as the WLAN AP 160q indicated in the recerved WLAN
RF signals may be scanned as position samples and stored 1n
the position sample database 214. Position samples may be
scanned continuously, aperiodically, or periodically. The
scanned position information of the AP 160aq may comprise
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actual position of the AP 160q and/or position related param-
eters such as, for example, an AP ID and/or the strength of the
received WLAN RF signals.

The Bluetooth radio 206 may comprise suitable logic cir-
cuitry, interfaces and/or code that may be operable to transmit
and receive Bluetooth radio frequency signals. The Bluetooth
radio 206 may be operable to recerve Bluetooth radio fre-
quency signals from the Bluetooth network 150. In this
regard, position information of one or more peer Bluetooth
devices indicated 1n the recerved Bluetooth RF signals may be
scanned as position samples and stored in the position sample
database 214. Position samples may be scanned continuously,
aperiodically, or periodically. The scanned position informa-
tion of peer Bluetooth devices may comprise actual position
of peer Bluetooth devices and/or position related parameters
such as, for example, a Bluetooth address and/or the strength
of the recerved Bluetooth RF signals.

The cellular radio 208 may comprise suitable logic,
devices, interfaces and/or code that may be operable to trans-
mit and recerve wireless cellular radio frequency signals such
as 2G/2.5G/3G/4G RFE signals. The cellular radio 208 may be
operable to receive wireless cellular RF signals from, for
example, the BS 170q 1n the cellular network 170. In this
regard, position mnformation of a serving cellular base station
such as the BS 170a indicated 1n the receiwved cellular RF
signals may be scanned as position samples and stored in the
position sample database 214. Position samples may be
scanned continuously, aperiodically, or periodically. The
scanned position information of the BS 170a may comprise
an actual position of the BS 170aq and/or position related
parameters such as, for example, a Cell 1D, a base station 1D,
spectrum, and/or the strength of the recerved cellular RF
signals.

The WiIMAX radio 210 may comprise suitable logic,
devices, interfaces and/or code that may be operable to trans-
mit and receive wireless WiMAX radio frequency signals.
The WiMAX radio 210 may be operable to receive WiIMAX
RF signals from, for example, the BS 180q 1n the WiMAX
network 180. In this regard, position information of a serving
WiMAX base station such as the BS 180q indicated 1n the
received WIMAX RF signals may be scanned as position
samples and stored 1n the position sample database 214. Posi-
tion samples may be scanned continuously, aperiodically, or
periodically. The scanned position information of the BS
180a may comprise actual position of the BS 180a and/or
position related parameters such as, for example, a base sta-
tion ID, spectrum, and/or the strength of the received
WiIMAX RF signals.

The FM radio 212 may comprise suitable logic circuitry,
interfaces and/or code that may be operable to recerve FM
radio Irequency signals from, for example, the broadcast
tower 190a 1n the broadcast network 190. The received FM
RF signals may comprise RDS data over FM bands. In this
regard, position information for a broadcast tower such as the
broadcast tower 190a 1indicated 1n the received broadcast RF
signals may be scanned as position samples and stored in the
position sample database 214. Position samples may be
scanned continuously, aperiodically, or periodically. The
scanned position mmformation of the broadcast tower 190a
may comprise actual position of the broadcast tower 190a
and/or position related parameters such as, for example, a
broadcast tower 1D, spectrum, and/or the strength of the
received broadcast RF signals

The position sample database 214 may comprise suitable
logic, circuitry, and/or code that may be operable to manage
and store position samples scanned through various RF expe-
riences of the mobile device 200. The stored position samples
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may be provided to the location server 120 to refine or update
records of reference positions of corresponding reference
position elements in the reference position database 120aq.

The memory 216 may comprise suitable logic, circuitry,
and/or code that may be operable to store information such as
executable mnstructions and data that may be utilized by the
processor 201 and/or other associated component units such
as, for example, the GNSS radio 201. The memory 216 may
comprise RAM, ROM, low latency nonvolatile memory such
as flash memory and/or other suitable electronic data storage.

In operation, the processor 201 may be operable to manage
and/or control operations of associated component units such
as, for example, the GNSS radio 202, the WLAN radio 204,
and the cellular radio 208 depending on corresponding
usages. One or more associated radios such as, for example,
the GNSS radio 204 and/or the cellular radio 208 may be
activated or deactivated whenever 1t may be necessary to do
s0. The processor 201 may be operable to scan or capture
position samples for various encountered reference position
clements. The scanned position samples may comprise posi-
tion information of the encountered reference position ele-
ments. The scanned position samples may be accumulated
and stored 1n the position sample database 214. The processor
201 may be operable to communicate or report the stored
position samples to the location server 120. The location
server 120 may be operable to refine or update records for
reference positions of the corresponding reference position
clements in the reference position database 120a. With the
GNSS radio 202 activated, the processor 201 may be operable
to receive GNSS radio frequency (RF) signals directly from
the GNSS satellites 140a-140c¢ and utilize the received GNSS
RF signals to calculate a position {ix of the mobile device
110a. The processor 201 may be operable to communicate
with the location server 120 for reference positions with
up-to-date records 1n the reference position database 120a so
as to achieve an accurate and fast position {ix.

FIG. 3 1s a block diagram illustrating an exemplary loca-
tion server that 1s operable to dynamically update obsolete
records for reference positions in a reference position data-
base, 1n accordance with an embodiment of the invention.
Referring to FIG. 3, there 1s shown a location server 300. The
location server 300 may comprise a processor 302, a refer-
ence position database 304 and a memory 306.

The processor 302 may comprise suitable logic, circuitry,
interfaces and/or code that may be operable to manage and/or
control operations of the reference position database 304 and
the memory 306. The processor 302 may be operable to
receive a plurality of position samples, periodically or aperi-
odically, from associated mobile devices such as the mobile
device 110a. The received position samples comprise posi-
tion mnformation of reference position elements 1n the refer-
ence position database 304. The processor 302 may be oper-
able to determine position status of corresponding reference
position elements according to the recerved position samples.
In this regard, the processor 302 may be operable to determine
whether a position of a reference position element such as the
AP 160a within the reference position database 120a may be
changed, namely, removed or moved to different locations,
according to characteristics of the corresponding position
samples received. The processor 302 may be operable to
adaptively select reference position elements 1n the reference
position database 304 for mobile locating based on the deter-
mined position status. In instances where position samples for
a reference position element such as the AP 160aq in the
reference position database 304 may not be received or
reported within a certain time period, the processor 302 may
consider that records for the position information of the AP
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160a 1n the reference position database 304 are obsolete. In
this regard, the processor 302 may not select the AP 160q as
a reference position for mobile locating. The processor 302
may remove information for the AP 160a from the reference
position database 304.

In 1mnstances where position samples for the AP 160aq may
indicate that the position information of the AP 160 is not
reliable for use, the processor 302 may be operable to select
other reference position elements with up-to-date position
records, instead of the AP 160a, as reference positions for
mobile locating. In this regard, information for the AP 160a
may be removed from the reference position database 304
and/or marked with a low confidence level. In instances
where the processor 302 may not accumulate enough position
samples for the AP 160a within a certain time period, the
processor 302 may determine that records for the position of
the AP 160q 1n the reference position database 304 are obso-
lete. In this regard, the processor 302 may not use information
for the AP 160q as a reference position for location based
services and/or operations.

In mstances where enough position samples for the AP
160q are received or reported within a certain time period and
a geographic area for the position of the AP 160a may be
indicated consistently by the recerved position samples, the
processor 302 may determine that the AP 160a 1s located in a
fixed position. In this regard, the AP 160aq may be utilized as
a reference position for mobile locating. In instances where
enough position samples for the AP 160a are received or
reported within a certain time period, but different geographic
areas for the position of the AP 160a may be indicated 1n the
received position samples, the location server 120 may con-
sider that the AP 1604 1s moving. The processor 302 may be
operable to update and/or refine the records for the position
information of the AP 160q 1n the reference position database
304 according to the corresponding received position
samples.

Theretference position database 304 may comprise suitable
logic, circuitry, and/or code that may be operable to store
reference location information for associated communication
devices. The stored reference location information may be
provided to associated communication devices when need to
support LBS service. The reference position database 304
may be operable to manage and update records for positions
of reference position elements according to position samples
reported from associated mobile devices such as the mobile
devices 110a-110e.

The memory 306 may comprise suitable logic, circuitry,
and/or code that may be operable to store information such as
executable mnstructions and data that may be utilized by the
processor 302 and/or other associated component units such
as, for example, the reference position database 304. The
memory 306 may comprise RAM, ROM, low latency non-
volatile memory such as tlash memory and/or other suitable
clectronic data storage.

In an exemplary embodiment of the invention, the proces-
sor 302 may be operable to receive position samples from
associated mobile devices such as the mobile device 110aq.
The recerved position samples may comprise position infor-
mation of reference position elements 1n the reference posi-
tion database 304. Position status of the reference position
clements may be determined or 1dentified according to cor-
responding received position samples. Records for reference
positions in the reference position database 304 may be
updated or refined according to the recerved position samples.
A reference position element may be removed from the ref-
erence position database 304 if enough position samples are
not recerved within a certain time period for the reference
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position element. Records of reference position 1n the refer-
ence position database 304 may be refined and/or updated
according to the recerved position samples. Position status of
reference position elements in the reference position database
304 may be determined according to the received position
samples. Reference position elements 1n the reference posi-
tion database 304 may be adaptively selected as reference
positions for mobile locating based on the determined posi-
tion status. Reference position elements with up-to-date posi-
tion records may be used as reference positions to achieve an
accurate and fast position fix for the mobile device 110a, for
example.

FIG. 4 1s a flow chart illustrating an exemplary procedure
tor dynamically updating obsolete records for reference posi-
tions 1n a reference position database, 1n accordance with an
embodiment of the mnvention. Referring to FIG. 4, the exem-
plary steps may start with step 402. In step 402, a parameter
T_Sample represents a position sample validation time
period. A parameter N_Thd represents a threshold value for
the number of position samples received within T_Sample. In
step 404, the location server 300 may be operable to deter-
mine whether position samples for a specific reference posi-
tion element such as the AP 160a may be recerved or reported
within T_Sample. In instances where position samples for the
AP 160a may be receirved or reported within T_Sample, the
exemplary steps proceed to step 406. In step 406, it may be
determined whether the received position samples for the AP
160a may indicate that the position information for the AP
160a should not be as a reference position for location based
services and/or operations. In instances where the received
position samples indicate to use the position information for
the AP 160q as a reference position, the exemplary steps may
proceed 1n step 408. In step 408, the location server 300 may
be operable to determine whether the number of the position
samples that are recerved within time period T_Sample for
the AP 160a 1s greater than the threshold N_Thd. In instances
where the position samples recetved within the time period
T_Sample for the AP 160a 1s greater than the threshold
N_Thd, the exemplary steps may proceed to step 410. In step
410, the location server 300 may determine whether the
received position samples for the AP 160q indicates a consis-
tent geographic area for the position of the AP 160a. In
instances where the recerved position samples for the AP
160a 1ndicate a consistent geographic area for the position of
the AP 1604, then 1n step 412, the location server 300 may be
operable to utilize the AP 160 as a reference position for
mobile locating when need. The exemplary steps may end in
step 414.

In step 404, 1n mnstances where position samples for the AP
160a may not be received or reported within the time period
T_Sample, the exemplary steps may proceed to step 416. In
step 416, the location server 300 may be operable to remove
the AP 160a from the reference position database 304.

In step 406, 1n instances where the received position
samples indicate not to use the position information for the
AP 160a as a reference position, then the exemplary steps
may proceed in step 416.

In step 410, 1n instances where the received position
samples for the AP 160q indicate an inconsistent geographic
area for the position of the AP 160a, the exemplary steps may
proceed to step 418. In step 418, the location server 300 may
be operable to refine and/or update the records for the position
of the AP160a according to the received position samples for
the AP 160a. The exemplary steps may continue 1n step 412.

Aspects of a method and system for updating obsolete
records for reference positions in a reference position data-
base are provided. In accordance with various embodiments
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of the invention, a mobile device such as the mobile device
110a may be operable to communicate position samples of
one or more reference position with respect to one or more
other communication device such as, for example, the AP
160a-1605, the BS 170a-170b, the BS 1804-18056 and/or the
broadcast tower 190a, to the location server 120. The location
server 120 1s operable to determine whether to utilize the one
or more reference position 1n the reference position database
304, which 1s communicatively coupled to the location server
120, based on the communicated samples. The mobile device
110a may be operable to scan or capture the position samples
of the one or more reference positions for the mobile device

110a with respect to the one or more other communication
device such as, for example, the AP 160a-1605, the BS 170a-

1705, the BS 180a-18056 and/or the broadcast tower 190a,
through encountered RF experiences. The scanned position
samples may indicate position information of the one or more
other commumnication device. The scanned position samples
may also indicate whether the position information of the one
or more other communication device 1s reliable for use. The
mobile device 110a may be operable to accumulate the
scanned position samples of the one or more reference posi-
tions and transmuit the accumulated scanned position samples
of the one or more reference positions to the location server
120 periodically or aperiodically.

The location server 120 may be operable to update records
for the one or more reference positions with respect to the one
or more other communication device in the reference position
database 304 based on the accumulated position samples of
the one or more reference positions. Based on the updated
records, the location server 120 may be operable to determine
whether to remove, use, and/or keep the one or more other
communication device in the reference position database 304.
The location server 120 may be also operable to determine
whether the one or more other communication device 1n the
reference position database 304 are {ix-positioned or moving
based on geographic mformation indicated in the received
position samples for the updated records. For example, in
instances where the recerved position samples for the one or
more other communication device may indicate that corre-
sponding position information 1s not reliable for use, the
location server 120a may remove the one or more other com-
munication device from the reference position database 304.
In 1nstances where not enough position samples for the one or
more other communication device are recerved within a cer-
tain time period, the location server 120 may remove the one
or more other communication device from the reference posi-
tion database 304. In 1instances where there are enough posi-
tion samples for the one or more other communication device
are received within a certain time period, the location server
120 may remove and/or reduce a confidence level for the one
or more corresponding other communication device from the
reference position database 304. Furthermore, the location
server 120 may be operable to determine whether the one or
more other communication device 1n the reference position
database 304 are fix-positioned or moving based on geo-
graphic information 1indicated in the receitved position
samples for the updated records. The updated records may be
utilized for location based services or operations, for
example, to determine a fast position {ix for associated mobile
devices such as the mobile device 110a.

Other embodiments of the invention may provide a non-
transitory computer readable medium and/or storage
medium, and/or a non-transitory machine readable medium
and/or storage medium, having stored thereon, a machine
code and/or a computer program having at least one code
section executable by a machine and/or a computer, thereby
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causing the machine and/or computer to perform the steps as
described herein for updating obsolete records for reference
positions 1n a reference position database.

Accordingly, the present invention may be realized 1n hard-
ware, software, or a combination of hardware and software.
The present invention may be realized 1n a centralized fashion
in at least one computer system, or 1n a distributed fashion
where different elements are spread across several 1ntercon-
nected computer systems. Any kind of computer system or
other apparatus adapted for carrying out the methods
described herein 1s suited. A typical combination of hardware
and software may be a general-purpose computer system with
a computer program that, when being loaded and executed,
controls the computer system such that 1t carries out the
methods described herein.

The present invention may also be embedded 1na computer
program product, which comprises all the features enabling
the implementation of the methods described herein, and
which when loaded 1n a computer system 1s able to carry out
these methods. Computer program in the present context
means any expression, in any language, code or notation, of a
set of instructions intended to cause a system having an infor-
mation processing capability to perform a particular function
cither directly or after either or both of the following: a)
conversion to another language, code or notation; b) repro-
duction 1n a different material form.

While the present invention has been described with refer-
ence to certain embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the present invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present ivention without departing,
from 1ts scope. Therelore, 1t 1s intended that the present inven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will include all embodiments
falling within the scope of the appended claims.

What 1s claimed 1s:

1. A method, comprising:

receiving, at a location server, a first plurality of position
samples from a first mobile device and a second plurality
of position samples from a second mobile device;

extracting a first position of a commumnication device from
the first plurality of position samples and a second posi-
tion of the communication device from the second plu-
rality of position samples;

determining whether the first plurality of position samples
are reliable based on whether a threshold number of the
first plurality of position samples were recetved within a
predetermined time period;

determining whether the second plurality of position
samples are reliable based on whether a threshold num-
ber of the second plurality of position samples were
received within the predetermined time period; and

prioritizing, at the location server, the first position over the
second position 1n a position database when the first
plurality of position samples are reliable and the second
plurality of position samples are not reliable.

2. The method according to claim 1, further comprising:

indicating, at the location server, that the first position 1s
reliable and that the second position 1s not reliable.

3. The method according to claim 1, further comprising:

extracting, from the first plurality of position samples, a
position of the first mobile device relative to the com-
munication device; and
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extracting, from the second plurality of position samples, a
position of the second mobile device relative to the com-
munication device.

4. The method according to claim 1, wherein prioritizing,

COmMprises:

removing the second position of the second mobile device
from the position database.

5. The method according to claim 3, further comprising:

determining whether the communication device 1s a
mobile communication device.

6. The method according to claim 3, further comprising:

removing the communication device from the position
database based on the first and second plurality of posi-
tion samples.

7. A system, comprising:

a position database; and

a location server, coupled to the position database, config-
ured to:

receive position samples from a mobile device;

extract a position of a communication device from the
position samples and a determination of a reliability
of the position, wherein the position 1s determined to
be reliable when a threshold number of the position
samples indicating the position of the communication
device are received within a predetermined time
period; and

prioritize the position relative to other positions stored 1n
the position database based on whether the position 1s
determined to be reliable.

8. The system according to claim 7, wherein the commu-
nication device 1s an access point.

9. The system according to claim 7, wherein the location
server 1s further configured to remove the position from the
position database when the position 1s determined to be not
reliable.

10. The system according to claim 7, wherein the location
server 1s Turther configured to determine whether the com-
munication device 1s mobile.

11. The system according to claim 7, further comprising:

a recerwver, coupled to the location server, configured to

receive at least one of Worldwide Interoperability for
Microwave Access (WiIMAX) or Wik1 signals.

12. The system according to claim 7, wherein the location
Server Comprises:

a satellite radio network coupled to the location server.

13. The system according to claim 7, wherein the location
server 1s Turther configured to periodically update records 1n
the position database.

14. The system according to claim 7, wherein the location
server 1s further configured to update records 1n the position
database 1n response to a request.

15. The system according to claim 7, wherein the location
server 1s further configured to mark records in the position
database as obsolete when a reliable position has not been
received within the predetermined time period.

16. The system according to claim 7, wherein the location
server 1s further configured to determine whether the com-
munication device 1s mobile by comparing the position to a
prior position of the communication device.

17. The system according to claim 7, wherein the location
server 1s configured to use the communication device as a
reference for a location determination of a second mobile
device when the position 1s determined to be reliable.

18. A system, comprising:

a position database storing a plurality of records for a

reference position; and
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a location server, coupled to the position database, config-
ured to:

receive, from a mobile device, a plurality of position
samples for the reference position;
determine that the plurality of position samples are reli-

able 1f:

a number of position samples 1n the plurality of posi-
tion samples that were received within a predeter-

mined period of time 1s greater than a threshold
number; and

the plurality of position samples indicate a consistent
geographic area; and

update the plurality of records for the reference position

based on the plurality of position samples 11 the loca-

tion server determined that the plurality of position
samples are reliable.

19. The system of claim 18, wherein the location server 1s

turther configured to:
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determine whether the plurality of position samples were
received within the predetermined period of time; and

remove the reference position from the position database 1f

the plurality of position samples were not received
within the predetermined period of time.

20. The system of claim 18, wherein the location server 1s
turther configured to:

use the updated plurality of records to locate a second
mobile device.

21. The system of claim 18, wherein the location server 1s
turther configured to:

prioritize a record corresponding to the plurality of posi-
tion samples in the position database i1f the location
server determined that the plurality of position samples
are reliable.
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